Abstract. Atmospheric dust inputs to the surface ocean are a major source of trace metals likely to be bio-available for phytoplankton after their dissolution in seawater. Among them, cobalt (Co) and zinc (Zn) are essential for phytoplankton growth and for the distribution of the major groups such as coccolithophorids, cyanobacteria and diatoms. The solubility in seawater of Co and Zn present in natural and anthropogenic dusts was studied using an open-flow reactor with and without light irradiation. Those dusts can be transported in the atmosphere by the wind before being deposited to the surface ocean. The analyses of cobalt and zinc were conducted using voltammetric methods and the global elemental composition of dust was determined by ICP-AES. This study highlighted the role of the dust origin in revealing the solubility characteristics. Much higher dust solubility was found for zinc as compared to cobalt; cobalt in anthropogenic particles was much more soluble (0.78%) in seawater after 2 h of dissolution than Co in natural particles (0.14%). Zinc showed opposite solubility, higher in natural particles (16%) than in anthropogenic particles (5.2%). A natural dust event to the surface ocean could account for up to 5% of the cobalt inventory and up to 50% of the Zn inventory in the mixed layer in the Pacific Ocean whereas the cobalt and zinc inventories in the mixed layer of the Atlantic Ocean might already include the effects of natural dust inputs and the subsequent metal dissolution. Anthropogenic sources to the surface ocean could be as important as the natural sources, but
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Correspondence to: C.-E. Thuróczy (Charles-Edouard.Thuroczy@nioz.nl) a better estimate of the flux of anthropogenic aerosol to the surface ocean is needed to further estimate the anthropogenic inputs. Variations in natural and anthropogenic inputs may induce large shifts in the Co/Zn ratio in the surface ocean; hence it could impact the phytoplankton community structure.
Introduction
Atmospheric inputs of dust to the open surface ocean are a major source of metals and nutrients (Duce and Tindale, 1991; Jickells et al., 2005) . River inputs and upwelling can also be an important source of trace metals (Johnson et al., 1997) . Atmospheric sources of dust is generated by the erosion of land surfaces (wind transported dusts), but also by direct emission from anthropogenic activities (industry, agriculture, transportation). The dissolution of these natural and anthropogenic particles in the upper layer of the ocean can vary with their origin, their elemental composition and the possible transformation which can occur in acid clouds of the atmosphere and/or by UV irradiation. Bio-available trace metals can regulate the growth of the phytoplankton influencing the primary production and the carbon cycle (Sunda and Huntsman, 1995) . The nutritive metals contained in dust can be available for phytoplankton after their dissolution in seawater. Among these micro-nutrients, cobalt (Co) and zinc (Zn) have a potential key role in phytoplankton physiology and productivity. For instance the distribution of dissolved Zn in seawater shows nutrient-like profile (such as phosphate and silicate; Saito and Moffett, 2002) whereas Co shows a hybrid-type profile, combining nutrient-like and scavenged-like vertical distribution (Noble et al., 2008) . Furthermore the growth rate of coccolithophorids, like Emiliania huxleyi, and cyanobacteria, like Prochlorococcus and Synechococcus, can be primarily limited by the low Co concentrations (Sunda and Huntsman, 1995; Saito et al., 2002) . In contrast Zn would be primarily requested for the growth of diatoms, rather than Co (Sunda and Huntsman, 1995) . Both Zn and Co play important roles in the physiology of the phytoplankton (Frausto da Silva and Williams, 1994) like in the DNA replication (Zn-fingers), in enzyme activity (carbonic anhydrase; Vallee and Auld, 1990) and in the structure of vitamins (for instance Co is the co-factor in the B 12 vitamin; Kobayashi and Shimizu, 1999) . Thus, Co and Zn inputs to the surface ocean can impact the growth, some metabolic processes, the phytoplankton community structure and the carbon flux at the atmosphere-ocean interface. However the solubility and the biogeochemical impact of these trace metals is still poorly described or virtually unknown.
The dissolution of trace metals could depend on the origin of the particles, on their size, on the type of deposition (dry or wet) and on the pH of the rains (Desboeufs and Losno, 2001; Bonnet and Guieu, 2004; Journet et al., 2008) . For instance metals contained in carbonated dusts are more easily dissolved in water than those present in alumino-silicate particles due to different binding strength of the metal to the mould (Desboeufs et al., 2005) . So far studies on the dissolution of trace metals have been mainly focusing on iron and have been performed in enclosed systems (Bonnet and Guieu, 2004) . Such enclosed experiments have shown that there is a possible saturation of dissolved metal in the water (Bonnet and Guieu, 2004 ) that does not mimic the processes taking place in the surface ocean. Furthermore most of the experiments were done in pure water, and next with different pH to simulate the rains (Desboeufs, 2001a; Desboeufs et al., 1999 Desboeufs et al., , 2001 ), which does not fit with the chemical dynamics of the surface ocean. This work aims to determine the solubility of Co and Zn contained in atmospheric dusts (dust transported by the wind) from different origins in seawater using an open-flow reactor, and the effect of photochemical processes on the dissolution of these trace metals.
Material and methods

Particles sampling
Two types of particles for aerosol simulation were considered here. All dust samples (anthropogenic and natural) were sieved using different size fractions between >500 µm and <20 µm. The smallest fraction (<20 µm) was studied as it is the most representative fraction available here of the windtransported material and due to the size sieves available and the sieving method which must be dry sieving. The fine fraction (<20 µm, sieved from bulk) of a crustal soil originated from Cape Verde Islands (a loess similar to Saharan soil) was used for simulation of natural mineral aerosol. These collected soil samples were exposed to scarce rains at Sal Island. Crustal dusts from other locations (such as in Desboeufs et al., 1999) are also influenced by rain and erosion before being transported by the wind in the atmosphere, thus they are comparable to our samples. The anthropogenic material, a coal ash dust, was flying ashes collected in electrostatic separators before exhaust in a power plant (Le Havre, France), where combustion was almost completed. It was used for simulation of an anthropogenic aerosol. The differences in morphology between these natural and anthropogenic particles are shown in Fig. 1 . It showed small-size particles with a regular and spherical structure for the coal ash dust and a heterogeneous structure for the natural soil.
Experimental device
The dissolution experiments of trace metals in seawater was performed using an open-flow reactor to avoid saturation effects, in order to better mimic the natural processes occurring in the surface ocean with or without light irradiation. It was constituted of a constant volume pump (giving a flow rate, F , between approximately 14 mL/min at the start of the experiment and 8 mL/min at the end depending on the amount of particles present in the chamber), a reaction chamber (V =73.7 mL) ended by a membrane filter (Whatman polycarbonate 0.4 µm, acid cleaned, 47 mm diameter) and an exhaust tubing (Desboeufs et al., 1999; Desboeufs, 2001a; Velay, 2006) . This reactor allowed a permanent non-stationary system by using a continuous flow of seawater on the particles thus preventing from saturation of the dissolved phase. This system is inspired from a paper published by Chou and Wollast (1984) . The reactor and all the tubings were PTFE material and acid cleaned. The irradiation device consisted of a 125 W high-pressure xenon bow-lamp recreating the solar spectrum (Model 125 W MSR) but with some blue-UV enrichment. The light was brought to the reactor through an optical fiber. The actinic flux in the blue-close UV measured from H 2 O 2 decomposition was 10 to 20 times higher than the natural irradiation found with a bright weather (Velay, 2006) .
The seawater used for all the experiments was collected in a HNLC area in the mixed layer at the chlorophyll maximum depth during the KEOPS cruise aboard R.V. MarionDufresne in 2005 with ultra-clean conditions and using a kevlar wire and GO-FLO bottles (Blain et al., 2007) . Twenty liters were filtered on board using 0.2 µm cut-off filter (Sartorius Sartobran cartridge) and stored in one ultraclean Nalgene bottles (LDPE) in the dark. The 20 L HNLC bulk water was stirred before use. Because of the pore size of the filter (0.2 µm) it is unlikely that microorganisms were present in the seawater used for the dissolution experiments and therefore would have any effect on the results. On the other hand if there was any effect of dissolved organic matter it was the same for every experiment.
For both particle types, Zn and Co dissolution experiments were conducted under light irradiation, and also in the dark for the Co dissolution.
Around 20 mg of solid phase was weighted and put at the bottom of the reactor under a magnetic stick stirrer. The experiment started when the seawater reached the reactor and was followed during 2 h with a continuous seawater flow. Dissolved samples (<0.4 µm) were collected in acid cleaned LDPE Nalgene bottles (60 mL) at the outlet of the reactor. Sampling frequency was every 2 min during the first 20 min of the experiment, after which samples were taken at 30, 45, 60, 90 and 120 min. They were immediately acidified to pH 2 with Suprapur ™ HCl (Merck) and stored at room temperature in the dark before being analyzed by voltammetry. All the experiments were done in an ISO3 clean room, under an ISO1 laminar flow hood.
Determination of the dust elemental composition
The elemental composition of the dust samples was determined by ICP-AES (Type Optima 3000, Perkin-Elmer) after their mineralization. The mineralization of 60 to 80 mg of particles was performed in ultra-clean Teflon bottles using 2 mL hydrochloric acid 30%, 2 mL of hydrofluoro acid 40% and 2 mL of 65% nitric acid (Normapur™ from Prolabo). The digestion was performed at 50 • C for one day under a fume hood. The acids were left for evaporation at 150 • C. Then, 2 mL of 65% nitric acid were added at 50 • C and the bottles closed for a day. This last sample was diluted in 60 mL of milli-Q ™ water in a clean room. The samples were diluted 10 to 15 times to adjust the concentration to the ICP-AES requirements. Blank samples were prepared without particles using the same protocol used for the dust mineralization to test the cleanliness of the protocol (Annexe 1). The voltammetric analyses were calibrated against the NASS-4 certified seawater (calibrated with both "Inductively Coupled Plasma-Mass Spectrometry" and "Graphite Furnace Atomic Absorption Spectrometry"). The concentrations of Co and Zn determined by voltammetry were of the same order (Co: 0.26±0.02 nM, n=3; Zn: 1.69±0.29 nM, n=3) as the certified values (Co: 0.15±0.02 nM; Zn: 1.75±0.27 nM). However, the Co concentration found by voltammetry was slightly higher.
Determination of the dissolution rates of trace metals in seawater
The background concentrations (e.g., [X] in , see below Eq. 1) in the HNLC filtered (<0.2 µm) bulk seawater used for the dissolution experiments measured by voltammetry were 0.049±0.007 nM (n=4) for Co and 0.845±0.047 nM (n=3) for Zn. Hence the detection limits estimated as three time the standard deviations of replicate analyses in such filtered HNLC seawater were 0.022 nM for Co, close to those reported by Westerbrink et al. (1990) , and 0.142 nM for Zn.
Blanks were performed by running the dissolution reactor without any dust inside. Blanks were also performed with the sub-sampling bottles. No contamination was detected, either for Co or for Zn. All these experiments and analyses were done in clean rooms with ultra-clean procedures and material (including acid washed sampling bottles, clean sampling seawater, acid clean filters, etc. . . ).
Results
Elemental composition of the particles
The elemental composition determined by ICP-AES (Table 2, Annexe 2) of the dusts did not vary significantly between natural and anthropogenic dust for Co, but anthropogenic dust was enriched in Zn. Consequently the 
Dissolution from dust in seawater
Co and Zn concentrations ([X]) were measured by voltammetry for each of the kinetic experiment sample. From these measured concentrations, the dissolution rate of the element X can be computed by the following equation:
Where DR X is the dissolution rate of the element X (mol/min), [X] out is constant and the second term is null, but it was never the case in our experiments.
For discrete sampling, the second term in the Eq. (1) can be approximated by:
except for the first sample where DR is calculated by:
where t 0 is the duration of the dissolution cell filling. The dissolution rate can be expressed as a relative dissolution rate (RDR X %) with:
Where m X (mol) is the amount of element X introduced as part of the dust in the dissolution chamber. 
The first step CD 0 is calculated separately as:
The uncertainties reported on the graphs (Figs. 2 to 7) were calculated from the uncertainties measured in the concentrations using uncertainties propagation formulas in Eqs. (1), (2) and (4) for the dissolution rate graphs. One experiment was done for each condition due to the restricted volume of HNLC seawater available, but replicates were made for the metals analyses. Analytical uncertainties are calculated by computing analytical replicates done for each sample.
Cobalt in seawater
The dissolution rate of anthropogenic Co (Fig. 2) varied from 0.06%/min at the beginning of the dissolution experiment to values below 0.01%/min after 20 min of experiment. No clear differences were observed between illuminated and dark experiments. A quite different behaviour was observed for natural Co. Despite a similar elemental proportion of Co in coal ash and natural dust, the Co dissolution rate at the beginning was ten times lower in loess (0.007%/min) than in coal ash dust. But the dissolution rate decreased a bit during the first 30 min, and then increased again after one hour to reach 0.003%/min at the end. The irradiation seemed to produce a noticeable effect at the beginning of the experience only with slightly higher dissolution rate. However the Co concentrations obtained with the loess were in the same range than the concentration already detected in seawater, introducing bias in the precision of the calculated dissolution rate as shown with the large uncertainty intervals plotted on Fig. 2 .
The dissolution rate measured with the open flow reactor can be integrated over the experience time giving cumulative solubility (Fig. 3) . This solubility was much higher for the anthropogenic Co (0.78% after 2 h, Table 3 , Annexe 3) than for the natural one (0.14% after 2 h). For anthropogenic Co, no differences between irradiated and dark were seen. But for the natural Co, irradiations seemed to speed up the dissolution rate during the first 30 min. The dissolution processes did not stop after the 2 h of experiment and may continue for longer time. For the loess the difference between irradiated and dark Co was not significant in the dissolution rate graphs (Fig. 2) ; but the cumulative solubility curve (Fig. 3) showed significant differences at the beginning of the experiment. This was due to a statistical effect because the dissolution rate of Co with irradiation was systematically higher at the beginning of the dissolution experiment. Plotting the cumulative dissolution rate as function of the square root of the time can highlight similar processes encountered in continuous weathering experiments driven by diffusion processes (Wollast, 1967) . For anthropogenic Co (Fig. 4) , the second part of the cumulative dissolution followed linearly the square root of the time. Extrapolation to 100% of the square root line of the Co dissolution (Table 4) gave a time of 3659 days (10 years) for a total dissolution of Co from the anthropogenic particles.
Zinc in seawater
The Zn composition for both dusts was very different (Table 2) with 10 times more Zn in anthropogenic than in natural. The dissolution rate shape was also different for both dust types (Fig. 5) . The anthropogenic Zn dissolution started with a rate of about 0.3-0.4%/min and then decreased during the first 30 min. Despite a small increase at 30 min for anthropogenic Zn, the dissolution rate remained low (<0.1%/min). But for the natural Zn (Fig. 5) , the dissolution rate increased more from 20 min of dissolution and remained at 0.2%/min after 2 h.
The total dissolved Zn from dust after 2 h of experiment (Table 3 , Annexe 4) was higher in the natural loess (16.27%) than in the anthropogenic coal ash dust (5.16%) but available quantity was greater for anthropogenic coal ash dust (12 nmol) than natural loess (5 nmol). Figure 6 represents the cumulative relative dissolution of Zn as function of the time and Fig. 7 as function of the square root of the time. The second part of the second plot (for longer times) showed a linear relationship with the anthropogenic dust, but not with the natural one. The extrapolation of the straight line gave a time of 552 h (23 days) for a total dissolution of Zn from the anthropogenic particles (Table 4) . 
Discussion
Solubility features of Co and Zn from dust in seawater
The dissolution experiments in open-flow reactor showed significant differences between the natural soil (loess) and the anthropogenic coal ash dusts: anthropogenic dusts were much more enriched with Zn compared to natural soils (Table 2), but after 2 h of exposure to seawater, the relative amount released was 5.16% compared to 16.27% of natural (Table 3) . On the contrary, natural soils had slightly more Co than anthropogenic dusts (Table 2 ) but they released less of it after 2 h of exposure to seawater (0.14% for the loess against 0.78% for the coal ash dust; Table 3 ). This is similar to the findings of Sedwick et al. (2007) for iron, with Saharan air containing a relatively high loading of aerosol iron (27.8 nmol Fe/m 3 ) which had a low fractional solubility (0.44%); reversely, North American air contained a relatively low concentration of aerosol iron (0.5 nmol Fe m −3 ) which had a high fractional solubility (19%). Differences in the morphology of the dust could account for some of these dissolution features. Indeed based on solubility rates of spherical particles (using the Stokes-Einstein equation), the small spherical particles of coal ash dust should be more soluble than the particles of the loess (bigger and complexed shapes; Fig. 1 ), provided the dissolution is proportional to the particles size. This would be the case indeed for Co; but not for Zn (Table 3) . Differences in mineralogy could also account for the observed dissolution features. For instance the coal ash dusts were mainly constituted of spheres smaller than 1 µm with a fraction easily exchangeable (75%) and a carbonated structure (<15%) (Guieu et al., 1997; Velay, 2006) . The trace metals could thus be weakly bound to this mould. In the coal ash dusts, the refractory Zn phase could represent only <15% of the total structure (Guieu et al., 1997; Velay, 2006) . Thus, the Zn contained in coal ash dusts could have quickly dissolved in aqueous solution. In opposite, particles from the natural soils were constituted of quartz, clay, feldspath and pyroxene, in which aluminosilicate mould represents 90% of the whole structure (Ausset, 1996; Ausset et al., 1999; Velay, 2006) . In such mineral particles the metals would be strongly bound, preventing from a quick dissolution of the metals such as it has been observed for Co and Zn at the beginning of the dissolution experiments (Figs. 2 and 5). It has been suggested that the dissolution of the loess from Cape Verde takes place within two main steps (Desboeufs et al., 1999; Desboeufs, 2001a) . The first one is the dissolution of the most soluble phase by complexation processes: an ion OH − or H + can dissolve the metals from a particle by forming inorganic oxy(hydr)-oxides complexes. Natural organic ligand could also bind the metals released from the particle to form dissolved organic complexes thus stabilizing the metal in the dissolved phase. The second one would be the dissolution of the less soluble phases (silicate phase), which produces a residual layer between the silicate phase and the aqueous solution. At pH of seawater (of about 8-8.2) the hydroxide ions OH − in seawater would hydrolyze the silicated mould, leading to the second stage of the dissolution reaction. Two dissolution steps of Zn were indeed clearly distinguished for the loess (Fig. 5 ): a first one just at the beginning of the experiment and a second one starting after 10 min and which appeared to continue beyond 120 min. The increase of Zn and Co solubility after 120 min suggested that the metals were not totally dissolved yet from the loess, and thus that the second step of loess dissolution is most likely a slow process. The square root shape obtained after 1 h of dissolution indicates a continuous and stable weathering process for Co and Zn in the anthropogenic particles. Under natural conditions in seawater, complexation processes by dissolved organic matter could promote some of the dissolution of Co and Zn from dusts as observed here and/or stabilise the metals in the dissolved phase.
Atmospheric input of cobalt and zinc to surface oceanic waters and its potential biogeochemical impacts
Atmospheric inputs to the surface ocean generally occur during sporadic events. Among them, Saharan events are major source of dust for the North Atlantic Ocean (Guieu et al., 2002a, b) . Dusts from Cape Verde can be transported during such events and then deposited on the surface Atlantic Ocean (Jickells et al., 2005) . Assuming an atmospheric input to surface waters ranging between 0.002 to 0.1 mg/L of seawater (according to Bonnet and Guieu, 2004 ) and a mixed layer of 50 m, the Co and Zn atmospheric inputs to surface waters were then calculated by using the dissolution values obtained in this study (Table 5) . Dissolved Co and Zn in seawater from the loess are given as total percentage (Table 3) of metal dissolved after 2 h (relative to the elemental composition, Table 2 , Annexe 2). The iron inputs by Saharan dust estimated in Milli-Q enclosed water systems (0.07 to 1 nM Fe; Bonnet and Guieu, 2004) are larger than Co and Zn inputs calculated here for the loess for two strengths of atmospheric event (Table 5) . Additionally, Co concentrations in the surface Atlantic layer (0-50 m) would vary between 20 and 30 pM (Saito and Moffett, 2002, 2001) and Zn between 170 and 320 pM (Ellwood and van den Berg, 2000) . The Co inputs to the mixed layer calculated here (0.01 to 0.43 pM) are thus small compared to the concentrations found in the North Atlantic, as well as for the Zn inputs (0.51 to 25.48 pM) but the Co and Zn inventory here might already include the dust dissolution effects; thus the dissolution of metals from dusts in surface waters could contribute to the already present Co and Zn inventories (up to 25% and 100%, respectively). This would not be a sufficient Co input to generate a distinct surface maximum. Indeed, sub-surface minima usually observed at 10-20 m depth are due to phytoplankton uptake and remineralisation processes rather than the slow homogenization of the water masses. In the Pacific Ocean, the concentrations of Co and Zn in surface waters (mixed layer) can be below 10 pM for Co and below 50 pM for Zn. Thus, Co input from the natural dust could account for approximately 0.1 to 5% of the concentration naturally present in the mixed layer, and Zn input could account for 1 to 50% of the concentration naturally present in surface waters of the Pacific Ocean.
Atmospheric inputs of dissolved Co to the surface water calculated for a strong dust event (0.43 pM, Table 5 ) are as high as the inorganic Co (Co') cellular requirement of a calcifying phytoplankton species like E. huxleyi (Km∼0.6 pM; Sunda and Huntsman, 1995; Xu et al., 2007) . Similarly dissolved Zn inputs from the loess (0.51 to 25.48 pM; Table 5 ) are 5 to 250 times higher than the half-saturation constant of inorganic Zn (Zn') for siliceous species like T. oceanica (Km∼0.1 pM; Sunda and Huntsman, 1995) . Therefore, such atmospheric inputs of Co and Zn have the potential to alleviate growth limitation of E. huxleyi and T. oceanica, respectively, assuming that the dissolved metal fraction is entirely bio-available. However these estimates were based on dissolution from loess of Cape Verde that may not be the most significant atmospheric source of dusts to the North Atlantic. Complementary studies, especially focusing onto the Saharan events which represent 26% of the total dust input to the Guieu (2004) global surface ocean (Jickells et al., 2005) would thus help to further understand the impact of the atmospheric metals inputs on the oceanic phytoplankton, notably in the North Atlantic.
The anthropogenic input to the surface ocean is much more difficult to assess since few or no data is available. However, Sholkovitz et al. (2009) estimated the annual apportionment of soluble iron from anthropogenic aerosol source to be from 70 to 85% of the total aerosol input (natural and anthropogenic) near Bermuda and Ireland. In regions with high natural dust input like near Izana and Barbados, it was about 12% (Sholkovitz et al., 2009) . Using the solubility of Co and Zn from the coal ash dust in seawater and its elemental composition obtained in this study (Tables 2 and 3) , and using 12% of the total dust concentration in the mixed layer for weak and strong dust event (Table 5) , the anthropogenic Co input to the mixed layer (0.01-0.34 pM) would thus be in the same range than the natural Co dust input (0.01-0.43 pM). Reversely, the Zn input to the mixed layer (0.14-7.05 pM) would be 3 times lower than the input from natural dusts (0.51-25.48 pM). However a better estimate of the flux of anthropogenic aerosol to the surface ocean is required to further estimate these anthropogenic inputs. For instance anthropogenic fluxes from the east coast of the United States and from Western Europe to the North Atlantic Ocean would be required.
Variations in natural and anthropogenic inputs between different locations could induce large variations in Co/Zn ratio in surface waters, thus having a potential impact on the phytoplankton community structure. Indeed, diatoms have a higher demand in Zn than Co compared to coccolithophorids that are primarily limited by Co (Sunda and Huntsman, 1995; Saito et al., 2002) . Also cyanobacteria, present in abundance in the studied region, strongly prefer Co rather than Zn (Saito et al., 2002) . For instance Sunda and Huntsman (1995) showed that the cyanobacteria Synechococcus bacillaris has a high cellular requirement for Co, between 0.08 and 1.43 µmol mol −1 Co:C. Higher Zn input via natural and/or anthropogenic atmospheric dust would be in favour of diatom communities. Understanding the forcing that drives the distribution of the dominant phytoplankton groups is essential because they have different nutrient utilization characteristics, and they support different marine food webs.
Conclusions
This study showed some dissolution processes at the atmosphere-ocean interface of two trace metals poorly studied. Co and Zn play key roles in the functioning of the metabolism of the coccolithophorids, cyanobacteria and diatoms. The originality of this work was the use of an openflow reactor, which better simulates the phenomenon occurring at the interface atmosphere-ocean, in order to evaluate the solubility of these two trace metals with the time after the dust deposition in surface waters. The experiments described here give an appropriate overview of the quick dissolution of Co and Zn in seawater from the coal ash dust. However, the natural soil showed much slower dissolution of Co and Zn where no extrapolation is possible after the experiment time. Characterization of Co and Zn dissolution from natural and anthropogenic particles in seawater has not been previously reported to our knowledge. This work also helps to determinate the percentage of dissolved metal from the dusts in seawater, and therefore to evaluate the atmospheric inputs to the surface ocean during a dust event. The results showed clear differences between the natural soil and the anthropogenic dusts. The small spherical and carbonated particles of coal ash dust released Zn quickly in seawater, but the quantity was less than the natural soil from Cape Verde with an aluminosilicate mould; whereas opposite trends were observed for Co.
This work can be pursued with the study of other trace metals important for the marine biology like iron, but also with other dusts (such as Saharan dusts) and with longer dissolution experiment in open-flow reactor to better investigate the slow dissolution processes.
Supplementary material related to this article is available online at: http://www.biogeosciences.net/7/1927/2010/ bg-7-1927-2010-supplement.pdf.
